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???????????r = 0??????????????r < 0?????????????
???????????????????????????????????????????











????γ ????????0 ≤ γ ≤ 1?????? t??????? rt ???????? at−1
??????????????????????????rt+1??????????????Rt









































???????????????????? Profit Sharing[?? 94]?????????Credit























??????????????? s?????? a??????? s′?????????????
Q(s, a) ← (1− α)Q(s, a) + α
[





????????α??????????????????Q(s, a)??r + γ maxa′ Q(s′, a′)??










???????????????????? s??? a?????????? r???????
? s′????????????? (s′, a′)?????????????????????????
???????Sarsa??????????
Sarsa????????????
Q(s, a) ← Q(s, a) + α[r + γQ(s′, a′)−Q(s, a)]












Sarsa???????????? λ??????? Sarsa(λ)[Loch 98]???????????
??? Sarsa? 1???? Sarsa???????Sarsa(λ)??????????????Q(s, a)?
????????????
1. δ ← r + γQ(s′, a′)−Q(s, a)
2. e(s, a)← e(s, a) + 1
3. for all s, a :
Q(s, a)← Q(s, a) + αδe(s, a)
e(s, a)← γλe(s, a); (2.4)
Sarsa???????????????????????????????????
2.4.4 Monte-Carlo













ω(sx, ax)← ω(sx, ax) + r × f(x)? (2.5)
9












Policy Iteration Algorithm?[???? 78]?????????????????????????
??????????? k-?????[?? 95]????PIA? k-???????????????
???MarcoPolo?Reinforcement Learning System under Markovian Environment considering











































?????????????????????????? s??????? (s, ai)?????
P (s, ai)??










?????????????????????????????? s??????? (s, ai)?
???? P (s, ai)??





















?????????????? s????? s′???????????? s??? a????
???????????????????????Markov property?????????????
???????????????????Markov process???? [?? 89]?????????
































?????perceptual aliasing problem?[Whitehead 90]??????????????????
??????????????POMDPs: Partially Observavle Markov Decision Processes??
???????????????????????????????????????????
????????????????????????????????????
?? s1 ??? s2 ??????? o?????????????????????? o???
????????????????? s1 ??????? s2 ???????????????
???????????? s??????? o??????????????????????







































































????????? (3.1)????????????? [?? 94]?
∀i = 1, 2, . . . ,W. L
W∑
j=i




















????????????????? f(n)? g(n)???? j ???????
g(i) < f(i) ∀i = j, j + 1, . . . ,∞ (3.2)
????????f(n)?????????????????
??
?? 3.1???????????????????????????? f(n)? g(n)
??????????????????????????????????????
?? w??????????∞????










g(i) < f(i) ∃i = j, j + 1, . . . ,∞ (3.4)
?????????????3.3?????????
g(i) ≥ f(i) ∀i = j, j + 1, . . . ,∞ (3.5)
?????????????????









????????? 1/S(= 1/ (L + 1))??????? f(x)???????????
???????? g(x)??????????????????????
n = k??
g(i) = f(i)(∀i = 1, 2, . . . , k − 1)????????g(k) = f(k)? 0????????
???????????
d(k) = g(k)− f(k)???????????? w →∞????








g(j) + Lg(k + 1) < (1 + L)f(k + 1) + d(k)
????L
∑w
j=k+2 g(j)???? 0 ≤ L
∑w
j=k+2 g(j) ≤ g(k + 1)??????
g(k + 1) + Lg(k + 1) < (1 + L)f(k + 1) + d(k)
(3.6)
???
d(k + 1) = g(k + 1)− f(k + 1) < d(k)
1 + L
< 0 (3.7)
?????? g(k) < f(k)?????g(i) < f(i) ( ∀i = k, k + 1, . . . ,∞)??????
f(k)???????????????
?d(k) > 0 ??
































j=k+1 f(j)???????? (3.4)????? i (i ≥ k+1)





???????? 1??????g(1) ≤ f(1) = 1????
?g(1) < f(1) ??
? (3.8)?? g(x)??? f(x)?????????????
?g(1) = f(1) ??
???????g(x)??? f(x)???????????????????????







































j=i f(j) · d(j) < f(i− 1) if d(i) = 1.
f(i) ≤ f(i− 1) ???????.












????????????? 1??? (L = 1)???????? h????????










f(j) · d(j) < f(h) (3.10)
??????????








f(j) · d(j) < f(i− 1) ≤ f(h) (3.11)


















































∆ω→yo ≥ ∆ω→xi (3.12)



















????? x????? y ?? →yo ????????????????? y ????

































????????????????????????d(j) = 1 ∀j = i, . . . ,W.????????
????????? L
∑W
j=i f(j) · d(j) ≤ L
∑W




f(i) = 1S f(i− 1) if d(i) = 1.
f(i) ≤ f(i− 1) ???????.
∀i = 1, 2, . . . ,W.
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??? 14???????10/14 	 0.714????????????? Profit Sharing?????
??? 1/4????????????????????????????? L? 1/4?????






























































































































































????????????Q-Learning??TD?????????????? st ??? ot ??
???????? st+1???? ot+1?????Q-Learning???????????Q(ot, at)?
32
???????????
Q(ot, at)← (1− α)Q(ot, at) + α
[









1. δ ← r + γQ(ot+1, at+1)−Q(ot, at)
2. e(ot, at)← e(ot, at) + 1
3. for all o, a :
Q(o, a)← Q(o, a) + αδe(o, a)





??? [Lanzi 00][Loch 98]?
4.5 Profit Sharing??????
Profit Sharing??????
ω(ox, ax)← ω(ox, ax) + r × f(x) (4.3)
????????????????????????????????????????????
????????????????????????????? (ox, ax)???? (ox′ , ax′)??
????????????????????????????????????????ox = ox′?
ax = ax′?sx 

















??????? st1 ??? st2 ???????????? o????????????? st1 ???
? (o, ai)???? (o, aj)??????????????????? st2 ???????????



































????????????????? o2??????????? loop1? loop2???????
????????????????????????????????????????? o1?













loop1?2???? o2 ??????????loop1????????????????? ∆?
??????
∆(o2,−−→o2o3)−∆(o2,−−→o2o1) > 0 (4.4)
??????? loop2?????















???????????????? oi ?????m ?????????????????
????? (oi, a1), (oi, a2), . . . , (oi, am) ??????????????????? n ????
(oi, a1), (oi, a2), . . . , (oi, an)?n ≤ m???????? (oi, aj)????? ω(oi, aj)??????
????????????????? R?????????????????????????
?????? (oi, aj1)?j1 = 1, 2, . . . , n????????
ω(oi, aj1) + R∑m





ω(oi, aj1) + R∑m
k=1 ω(oi, ak) + R× n
= lim
R→∞
ω(oi, aj1)/R + 1∑m





??????????????? (oi, aj2)?j1 = n + 1, n + 2, . . . ,m????????
ω(oi, aj2)∑m





























































?? nl1 ???????????????????????? nl2 ????????




































































































???? (o1, a1), (o2, a2), . . . , (oW , aW )??????? r?????????? t?????
???????? (ot, at), (ot+1, at+1), . . . , (oW , aW )?????t = 1, 2, . . . ,W???? t???
??????? t?????????????????????????????????? t
?t = 1, 2, . . . ,W????????????????????
POMDPs ????????????????????????????? ot1 ??? ot2
?1 ≤ t1 < t2 ≤W???????????????????????? st1 ??? st2 ?????
??????????????????????????? 4.2?????????? ot1 ???
ot2 ???????? (ot, at)?t1 < t ≤ t2?????????????????????????
????????????????? (ot, at)?t ≤ t1???? t2 < t?????? (oW , aW )??
???????????????????????? 4.2?????POMDPs????????
?????????????????????????????????????? ot1 ???






?t1 < t ≤ t2, ot1 = ot2??
1 ???????? (4.16)
??????
?????? (ot, at), (ot+1, at+1), . . . , (oW , aW )???????????????W − t + 1?
























when ot1 = ot2 .
x = W 1
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?? s2?????? s3 ????? o1 ??????????????????????????
????????????????? o1?????????????????????????
???????? s4??? s5?????? s6???????????????????????
?????????????????? sgoal???????? 10??????????? sstart
?????? sstart??? sgoal?????????????????? o1??????????
????????????????? 6?????????????????????????
? o1 ???????????????????????????? 12???????????
??????????steps???????????received rewards???????100????
???????????????????????????????????????????
?????? 10/12 	 0.833???????? 4.6??????????? Sarsa(λ)?????
??? ε?????????90%?????????????????10%??????????




?? o1 ???????? ostart ??????????? o1 ????????????????
??????? ostart ??????????? o1 ???????????? o1 ???????






MDP??????????????? [Sutton 90]?????????? 4.7????????
? S????G?????????????????????????????????????
??? 10?????? 14??????????????? 10/14 	 0.714????????? 4.8
????4.7.5??????????????????????? single-EPS(W)?EPS(W)??








? 4.9????????? 4.7???????????? 2?????????????????














1 ????????Q-Learning ?????Sarsa(λ) ?????
2 ?? A??? B ???????????????????????????????????????????
?????? 0.375 ????
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sstart s1 s2 s3 s4 s5 s6 sgoal
o1
Agents can select an 
action from 4 actions
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???? ot ???????? (ot, a(t,1))???? (ot, a(t,2))???????? r??????
?????? (ot, a(t,1))??????????????W1 ?????? (ot, a(t,2))?????
?????????W1 + 1?????????? (ot, a(t,1))???????????W2 ???
??? (ot, a(t,2))???????????W2 − 1????? 4.11??????????????
????????????????
EPS?????????? 1/L??????????????????? (ot, a(t,2))? L??
????????????? (ot, a(t,1))? 1?????????????????????? L
???????????????????????? 1??????? L??????????
??single-EPS??????????????????????????????? 4.11 ??

























???????????? pb????????? ol ????????????? ol
???????????????????????? ol ?????? ol ?????
??????????????????????? ol??????????????
?????????? pb ???????????????????????????
?? pb ???? ol ????? L??????????1????????????
??????????????????




































h=0(1− pa)hpbh(1− pb) 1Lh ??????????? 4.7.2




























































????????????? Profit Sharing[Grefenstette 88]???????????????
????????????????????????????????????MDPs?Markov
Decision Processes?????????? MDPs ????? POMDPs?Partially Observable



































































?t1 < t ≤ t2, ot1 = ot2??
1 ????????
????
??????????????????? ot1 ??? ot2 ????
?? t1 ??? t2??????????????????? ot1 ?
?? ot2 ????????????
? 5.1: POMDPs???????????EPS?








????????????????????? f(x) = 1/αx ???? [?? 94]?4?????
? single-EPS?????????????????????????????????????
??????????????????????? POMDPs???????????????








































































??????????????????????M ?????????????? (s, ai)??





P (s, ai)m =
1
L
,∀m = 1, 2, . . . ,M. (5.2)
????????????
??????? (s, ai)??? s?????????????????m???????????









,∀m = 1, 2, . . . ,M (5.3)
? (5.3)???????????????????
???ωinit(s)???? s??????????????????????n?????????




m???????????? (s, ai)???????∆ω(s, ai)m+1 ????m???









































































? (5.6)?? (5.7)?????????? (5.9)???? (5.6)???????? (5.7)

































P (s, al)M−1 =
1
L
,∀l = 1, 2, . . . , L
(5.11)
???




∆ω(s, ai)M  Lωinit(s),












































n=1 ∆ω(s, al)n +
∑L




α× ω(s, ai)M−1 + 1
α×
(
L× ω(s, al)M−1 +
∑L




(∀l = 1, 2, . . . , L) (5.14)




j =i(j = 1, 2, . . . , L)
??????????????????????????????????





∆ω(s, ai)M  Lωinit(s),










? (5.15) ????????L = 1?????????M − 1??????????
(s, ai)????????????? s??????????? L?????????
?????????? L = 1?????????????? 1??????????






























ωinit(s) ∆ω(s, ai)M (5.17)
???????????????????????????? (5.13)????????????
??????




























































































h ← 1 // ?????????????
for all s ∈ S {
// ?? s?????????????????????
ωinit(s)← 0








// ??? (s, a)???: a ∈ A(s), at s








for x = 1 to ?????? {
if ωinit(sx) < r × f(x)× h/L then
// ???????????????
ωinit(sx)← r × f(x)× h/L




// ?????? (sx, ax)???????






































R = 10????????? S??????????????????????????????
??????????????????????????1????????????????
???????100????????????????
???? S ???????????????????? s1 ???????????? 10?
??????????????? s10 ???????????? 3?????????????
?????????????10/3 	 3, 33???????????? 4???????????
?? 1/4??????????????????????????????
???????????????????????????????????1000 ????
?????????? 5.4 ?????????????????????????? S ??
10 × (1/4)3 	 0.16??????????????????????????????????
????????????????????? (a)???? s1 ???????????????
????10× (1/4)10 	 9.5× 10−6 ?????? (b)???? (a)?? (b)?????? s1???
???????????????? s10 ?????????????????????????
??????????? 3.33??????????????? 0??????????????


























































































































































?????????????????????????????? 5a??? 5b??? 11a???
11b???????????????? S??S??????????????????G??G







0.35? 0.23????????? 5.8?????????????????????? 0????
??????????????????????????? 5.7?????????????
?????????????????5.5.1???????????????????????























































































? 5.10: ?? 3????
?? t2 ??????????????????? ot1 ??? ot2 ??????????????






??????? h? 1?????????????h = 1/4?????h = 1/4???????










































































































































ω(s, a) = α(s, a)× γβ(s,a)
= α(s, a)× γβ(s,a)−βmin(s) × γβmin(s)
1 ?? T ? γ ?????????????????????????????????????????????
?????????????????????????????????????????????????
77
= α′(s, a)× γβmin(s) (5.21)
???????????????????
α′(s, a) = α(s, a)× γβ(s,a)−βmin(s) (5.22)
?????? s????????????? β ? βmin(s)?????? γ ??????????
??????????
?????γβ(s,a) ? γβmin(s) ???????????β(s, a)? βmin(s)??????????
γβ(s,a)−βmin(s) ????????????????α′(s, a)?????????????
?????? ε-greedy?????????γβmin(s) ???????????????????
????????????????????? (s, ai)????? P (s, ai)??














????γβmin(s) ??????α′???? P (s, ai)???????
??????r × γx ?????????
ω(s, a) ← α(s, a) × γβ(s,a) + r × γx
= (α(s, a)γβ(s,a)−βmin(s)
+r × γx−βmin(s))γβmin(s) (5.24)
???????
α′(s, a)← α′(s, a) + r × γx−βmin(s) (5.25)
????????γβmin(s)????????α′??βmin(s)?????????????????
?????
α′????????β(s, a)? βmin?????β(s, a)????????? β(s, a)???? βmin










































































































































? st??? at???????????(st, at)???????????????????????





?????????????? st ???? st+1 ???????? Pt ??? st ??? at ??















?? s1 ??? s2 ??????? o?????????????????????? o???
????????????????? s1??????? s2?????????????????
?????????? s??????? o????????????????????????




























































































































??????? 6.1????????????????? ot ???????? (ot, a(t,1))???
?????????????????????????????????? ot ???????
? (ot, a(t,2))??????????????????????????????????????
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